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tility among the dogmatists, on the other, 
he led many men who had been driven from 
the churches to realize the deep significance 
of religion in their own lives. 

Perhaps no other one of his books shows 
so fully the character of the man as he was 
known to his friends; and after all it was 
his character, as divulged in his writings, 
that made his life so influential. He was a 
true representative of that spirit of liberty 
which led to the foundation of the New 
England Colony, and which has been so 
potent in shaping the destinies of his na- 
tive country. He rejoiced that he and his 
fellows did not have to meet the pressure 
of the social order which so hampered the 
lives of those born on foreign soils. He 
was the strongest of individualists, firm in 
his belief in the right of the individual to 
develop himself in the manner of his own 
choosing; a belief which found expression 
on the philosophical side in his "Pluralistic 
Universe," and on the practical side in his 
opposition to the imperialistic tendencies 
developed in this country in connection 
with our acquisition of the Philippine Is- 
lands. 

And it was this general attitude of mind 
that yielded that depth of sympathy with 
all sorts and conditions of men which was 
so fully exemplified in his "Varieties of 
Religious Experience" above referred to. 

Here was a man upon whom had been 
showered the highest of honors by societies 
of learned men the world over; who never- 
theless remained as modest as a child ; ever 
eager to learn from the humblest human 
soul the secrets of its innermost nature; 
and ever ready to acknowledge the limita- 
tions of his own insight. Referring to a 
little discussion between Schiller and my- 
self a few years ago, he wrote to me, "I 
don't fully understand Schiller's position, 
or yours; — or my own, yet." How could 
we think of him as anything but young, 



who maintained to the end such open- 
mindedness, such mental plasticity. How 
could we fail to honor a man who displayed 
such intellectual integrity. 

I can not close this inadequate survey of 
the life work of my beloved friend and 
master without a word of personal tribute 
which I doubt not will find an echo in the 
thought of very many others. But for his 
interest in some crude work of mine in my 
youth, and before we had ever met, I should 
probably never have discovered that I had 
in me the capacity to think or write any- 
thing that might be worthy of the atten- 
tion of any psychologist. To this one 
kindly act I can trace the development of 
a side of my nature which has given life 
for me a special interest it could not other- 
wise have had. And during the years that 
followed he never missed an opportunity 
to write a word of encouragement when- 
ever any work of mine appeared to him to 
have a shred of value. "What he did for 
me he doubtless did for many another. 
"We have lost an inspiring master. But 
more than that we have lost an ever faith- 
ful and beloved friend. 

Henry Rutgers Marshall 



SURFACE TENSION IN RELATION TO CEL- 
LULAR PROCESSES. II 

The first to suggest that surface tension 
is a factor in muscular contraction was 
D'Arsonval, but it was Imbert who, in 
1897, directly applied the principle in ex- 
planation of the contractility of smooth 
and striated muscle fiber. In his view the 
primary conditions are different in the 
former from what obtain in the latter. In 
smooth muscle fiber the extension is de- 
termined, not by any force inside it, but by 
external force such as may distend the or- 
gan (intestine, bladder and arteries) in 
whose wall it is found. The "stimulus" 
Avhich causes the contraction increases the 
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surface tension between the surface of the 
fiber and the surrounding fluid, and this of 
itself has the effect of making the fiber 
tend to become more spherical or shorter 
and thicker, which Change in shape does 
occur during contraction. He did not, 
however, explain how the excitation altered 
the surface tension, except to say that its 
effect on surface tension is like that of 
electricity, with which the nerve impulse 
presents some analogy. In striated fiber, 
on the other hand, the discs constituting 
the light and dim bands have each a longi- 
tudinal diameter which is an effect of its 
surface tension, and this causes extension 
of the fiber during rest. When a nerve 
impulse reaches the fiber the surface ten- 
sion of the discs is altered and there re- 
sults a deformation of each involving a 
shortening of its longitudinal axis and thus 
a shortening of the whole fiber. 

According to Bernstein, in both smooth 
and striated muscle fiber there is, in addi- 
tion to surface tension, an elastic force re- 
siding in the material composing the fiber 
which, according to the conditions, some- 
times opposes and sometimes assists the 
surface tension. The result is that in the 
muscle fiber at rest the surface must ex- 
ceed somewhat that of the fiber in contrac- 
tion. In both conditions the sum of the 
two forces, surface tension and elasticity, 
must be zero. In contraction the surface 
tension increases and with it the elasticity 
also. Taken as a whole, this would not ex- 
plain the large force generated in contrac- 
tion, for the energy liberated would be the 
product of the surface tension and the 
amount representing the diminution of the 
surface due to the contraction. As the 
latter is very small the product is much 
below the amount of energy in the form 
of work done actually manifested. To get 
over this difficulty Bernstein postulates 
that in muscle fibers, whether smooth or 



striated, there are fibrils surrounded by 
sarcoplasma, and that each fibril is formed 
of a number of cylinders or biaxial ellip- 
soids singly disposed in the course of the 
fibril, but separated from each other by 
elastic material and surrounded by sarco- 
plasma. Between the ellipsoids and the 
sarcoplasma there is considerable surface 
tension which prevents mixture of the sub- 
stances constituting both. The excitation 
through the nerve impulse causes an in- 
crease of surface tension in these ellipsoids, 
and they become more spherical. In conse- 
quence the decrease in surface of all the 
ellipsoids constituting a fibril is much 
greater than if the fibril were to be affected 
as an individual unit only by an increase 
of surface tension, and thus the surface 
energy developed would be correspond- 
ingly greater. The ellipsoids, Bernstein 
explains, are not to be confused with the 
discs, singly and doubly refractive in stri- 
ated fiber ; for these, he holds, are not con- 
cerned in the generation of the contraction, 
but with the processes that make for rapid- 
ity of contraction. The extension of a 
muscle after contraction is due to the elas- 
tic reaction of the substance between the 
ellipsoids in the fibrils. Bernstein further 
holds that fibrils of this character occur in 
the protoplasm of Ammbce, in the stalk of 
Vorticella and in the ectoplasma of Sten- 
tor, and this explains their contractility. 

It may be said in criticism of Bernstein's 
view that his ellipsoids are from their very 
nature non-demonstrable structures and, 
therefore, must always remain as postu- 
lated elements only. Further, it may be 
pointed out that he attributes too small a 
part to surface tension in the lengthening 
of the fiber after contraction, and that the 
elasticity which muscle appears to possess 
is, in the last analysis, but a result of its 
surface tension. 

As regards Quincke's explanation of pro- 
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toplasmic movement and streaming, as well 
as of muscular contraction, Biitschli has 
shown that it is based on a mistaken view 
of the structure of the cell in Chara and 
other plant forms in which protoplasmic 
streaming occurs. Biitschli 's own hypoth- 
esis, however, is defective in that it postu- 
lates a current in the fluid medium just 
outside the Amoeba and backward over its 
surface, the existence of which Berthold 
denies, and Biitschli himself has been un- 
able to demonstrate, even with the aid of 
fine carmine powder in the fluid. He did, 
indeed, observe a streaming in the water 
about a creeping Pelomyxa, but the current 
was in the opposite direction to that de- 
manded by his hypothesis. Further, his 
failure to demonstrate the occurrence of 
the postulated back-flow in the water about 
the contracting or moving mass of an 
Amoeba or a Pelomyxa, makes it difficult 
to accept the hypothesis he advanced to 
explain that back-flow, namely, that rup- 
ture of peripheral vesicles (Waben) of the 
protoplasm occurs with a consequent dis- 
charge of their contents (proteins, oils and 
soaps) into the surrounding fluid. Surface 
tension, further, on this hypothesis would 
be an uncertain and wasteful factor in the 
life of the cell. On a priori grounds also 
it would seem improbable that this force 
should be generated outside instead of in- 
side the cell. 

One common defect of all these views is 
that they made only a limited application 
of the principle of surface tension. This 
was because some of its phenomena were 
unknown and especially those illustrating 
the Gibbs-Thomson principle. With its aid 
and with the knowledge of the distribution 
of inorganic constituents in animal and 
vegetable cells that microchemistry gives 
us we can make a more extended applica- 
tion of surface tension as a factor in cellu- 
lar life than was possible ten years ago. 



In regard to muscle fiber this is particu- 
larly true, and microchemistry has been of 
considerable service here. From the an- 
alyses of the inorganic constituents of stri- 
ated muscle in vertebrates made by J. Katz 
and others we know that potassium is ex- 
traordinarily abundant therein, ranging 
from three and a half in the dog to more 
than fourteen times in the pike the amount 
of sodium present.- How the potassium salt 
is distributed in the fiber was unknown 
before 1904, in which year, by the use of a 
method, which I had discovered, of demon- 
strating the potassium microchemically, the 
element was found localized in the dim 
bands. Later and more extended observa- 
tions suggested that in the dim band itself, 
when the muscle fiber is at rest, the potas- 
sium is not uniformly distributed, and it 
was found to be the case in the wing mus- 
cles of certain of the insecta — as, for ex- 
ample, the scavenger beetles — in which the 
bands are broad and conspicuous enough to 
permit ready observation on this score. In 
these the potassium salt was found to be 
localized in the zones of each dim band ad- 
jacent to each light band. Subsequently 
Miss M. L. Menten, working in my labora- 
tory and using the same microchemical 
method, found the potassium similarly lim- 
ited in its distribution in the muscle fibers 
of a number of other insects. She deter- 
mined, also, that the chlorides and phos- 
phates have a like distribution in these 
structures, and it is consequently probable 
that sodium, calcium and magnesium have 
the same localization. 

Macdonald has also made investigations 
on the distribution of potassium in the 
muscle fiber of the frog, crab and lobster, 
using for this purpose the hexanitrite re- 
agent. He holds, as a result of his obser- 
vations, that the element in the uncon- 
tracted fibril is limited to the sarcoplasm 
in the immediate neighborhood of the 



Octobeb 14, 1910] 



SCIENCE 



495 



singly refractive substance, while it is 
abundantly present in the central portion 
of each sarcomere of the contracted fibril — 
that is, in the doubly refractive material. 
I am not inclined to question the former 
point, as I have not investigated the micro- 
chemistry of the muscle in the crab and 
lobster, and my only criticism would be 
directed against placing too great reliance 
on the results obtained in the case of frog's 
muscle. The latter is only very slowly 
penetrated by the hexanitrite reagent, and, 
apparently because of this, alterations in 
the distribution of the salts occur and, as 
I have observed, the potassium may be lim- 
ited to the dim bands of one part of the 
contracted fiber and may be found in the 
light bands of another part of the same. 
In the wing muscles of insects in the un- 
contracted condition such disconcerting re- 
sults are not so readily obtained, owing, it 
would seem, to the readiness with which 
the fibrils may be isolated and the almost 
immediate penetration of them by the re- 
agent. Here there is no doubt about the 
occurrence of the element in the zones of 
the dim band immediately adjacent to the 
light bands. 

"Whether the potassium in the resting 
fiber is in the sarcoplasm or in the sarco- 
style I would hesitate to say. It may be 
as Macdonald claims, but I find it difficult 
to apply in microchemical studies of muscle 
fiber the concepts of its more minute struc- 
ture gained from merely stained prepara- 
tions. Because of this difliculty I have 
refrained from using here, as localizing 
designations, other expressions than "light 
bands ' ' and ' ' dim bands. " The latter un- 
doubtedly include some sarcoplasm, but in 
the case of the resting fiber I am certain 
only of the presence of potassium, as de- 
scribed, in the dim band regarded as an 
individual part, and not as a composite 
structure. 



Now, on applying the Gibbs-Thomson 
principle enunciated above, this distribu- 
tion would seem to indicate that in the dim 
band of a fibril the surface tension is great- 
est on its lateral walls, in consequence of 
which the potassium salts are concentrated 
in the vicinity of the remaining surfaces, 
i. e., those limiting the light bands. This 
explanation would seem to be confirmed by 
the observations I made on the contracted 
fibrils of the wing muscles of a scavenger 
beetle. In these the potassium was found 
uniformly distributed throughout each dim 
band, which, instead of being cylindrical in 
shape as in the resting element, is provided 
with a convexly curved lateral wall, and 
therefore with a smaller surface than the 
mass of the dim band has when at rest. 
This contour suggests that the surface ten- 
sion on the lateral wall is lessened to an 
amount below that of either terminal sur- 
face, followed by a redistribution of the 
potassium salt to restore the equilibrium 
thus disturbed. The consequent shorten- 
ing of the dim bands of the fibrils would 
account for the contraction of the muscle. 

How the surface tension of the lateral 
wall of the dim band is lessened in contrac- 
tion is a question which can only be an- 
swered after much more is known of the 
nature of the nerve impulse as it reaches 
the muscle fibril, and of the part played by 
the energy set free in the combustion proc- 
ess in the dim bands. It may be that elec- 
trical polarization, as a result of the arrival 
of the nerve impulse, develops on the sur- 
face of the lateral wall, and as a conse- 
quence of which its surface tension is di- 
minished. The energy so lost appears as 
work, and it is replaced by energy, one may 
suppose, derived from the combustion of 
the material in the dim band. In this case 
the disturbance of surface tension would be 
primary, while the combustion process 
would be secondary, in the order of time. 
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In support of this explanation may be cited 
the fact that the current of action in muscle 
precedes in time the contraction itself — 
that is, the electrical response of the stim- 
ulus occurs in the latent period and imme- 
diately before the contraction begins. 

It may, however, be postulated, on the 
other hand, that the chemical changes occur 
in those parts of the dim band immediately 
adjacent to the light bands, and as a result 
the tension of the terminal surfaces may be 
increased, this resulting in the shortening 
of the longitudinal axis of the dim band 
and the displacement laterally of the con- 
tents. This would imply that the energy 
of muscle contraction comes primarily 
from that set free in the combustion proc- 
ess, and not indirectly as involved in the 
former explanation. 

Whatever may be the cause of the altera- 
tion in surface tension, there would seem 
to be no question of the latter. The very 
alteration in shape of the dim band in con- 
traction makes it imperative to believe that 
surface tension is concerned. The redis- 
tribution of the potassium which takes 
place as described in the contracting fibrils 
of the wing muscles of the scavenger beetle 
can be explained in no other way than 
through the alteration of surface tension. 

In the smooth muscle fiber potassium is 
also present and in close association 
throughout with the membrane. When a 
fresh preparation of smooth muscle is 
treated so as to demonstrate the presence 
of potassium, the latter is shown in the 
form of a granular precipitate of hexani- 
trite of sodium, potassium and cobalt in the 
cement substance between the membranes 
of the fibers. In the smooth muscle fibers 
in the walls of the arteries in the frog the 
precipitate in the cement material is abun- 
dant, and its disposition suggests that it 
plays some part in the role of contraction. 
Inside of the membrane potassium occurs, 



but in very minute quantities, which, with 
the cobalt sulphide method, gives a just 
perceptible dark shade to the cytoplasm as 
a whole. Microchemical tests for the chlo- 
rides and phosphates indicate that the cy- 
toplasm is almost wholly free from them, 
and consequently there is very little inor- 
ganic material inside of the fiber. Chlo- 
rides and phosphates, but more particu- 
larly the former, are abundant in the ce- 
ment material, and their localization here 
would seem to indicate that the potassium 
of the same distribution is combined chiefly 
as chloride. 

In smooth muscle fiber, then, the potas- 
sium is distributed very differently from 
what it is in striated fiber, and on first 
thought it seemed difficult to postulate that 
the contraction could be due to alterations 
of surface tension. This, however, would 
appear to be the most feasible explanation, 
for the potassium salts in the cement sub- 
stance might be supposed to shift their 
position under the influence of electrical 
force so as to reach the interior of the mem- 
branes of the fibers, in which case the sur- 
face tension of the latter would be imme- 
diately increased and the fiber itself would 
in consequence at once begin to contract. 
The slowness with which this shifting into, 
or absorption by, the membrane of the 
potassium salts would take place would also 
account for the long latent period of con- 
traction in smooth muscle. 

It is of interest here to note that the 
potassium ions have the highest ionic mo- 
bility (transport number) of all the ele- 
ments of the kationic class, except hydro- 
gen, which are found to occur in connection 
with living matter. Its value in this re- 
spect is half again as great as that of 
sodium, one eighth greater than that of 
calcium and one seventh greater than that 
of magnesium. This high migration veloc- 
ity of potassium ions would make the ele- 
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ment of special service in rapid changes of 
surface tension. 

Loew has pointed out that potassium in 
the condensation processes of the synthesis 
of organic compounds has a catalytic value 
different from that of sodium. For ex- 
ample, ethyl aldehyde is condensed with 
potassium salts to aldol, with sodium salts 
to crotonic aldehyde (Kopf and Michael). 
Potassium is, but sodium is not, effective in 
the condensation of carbon monoxide. 
"When phenol is fused with potassium salts 
condensation products like diphenol are 
produced, but when sodium salts are used 
the products are dioxybenzol and phloro- 
glucin (Barth). It is, therefore, not im- 
probable that potassium, along with those 
properties which come from its ionic mo- 
bility, has a special value in the metabolism 
of the dim bands of striated muscle fiber 
and in the condensation synthesis which 
characterizes the chromatophors of Proto- 
phyta (Spirogyra, Zygnema). 

With the use of this method of deter- 
mining differences in surface tension in 
cells it is possible, in some eases at least, 
to ascertain whether this force plays a part 
in both secretion and excretion, and evi- 
dence in favor of this view can be found in 
the pancreatic cells of the rabbit, guinea- 
pig, and in the renal cells of the frog. In 
the pancreatic cells there is an extraor- 
dinary condensation of potassium salts in 
the cytoplasm of each cell adjacent to the 
lumen of the tubule, and during all the 
phases of activity — except, it would ap- 
pear, that of the so-called "resting-stage" 
— potassium salts occur in, and are wholly 
confined to, this part of each cell. It is 
difficult to say whether they pass into the 
lumen with the secretion and their place 
taken by more from the blood-stream and 
lymph, but the important point is that the 
condensation of potassium salts immedi- 
ately adjacent to the lumen seems to indi- 



cate a lessened surface tension on the lumen 
surface of the cell. 

According to ^toklasa 8 the pancreas of 
the pig is much richer in potassium than in 
sodium, the dried material containing 2.09 
per cent, of potassium and 0.28 per cent, of 
sodium, while the values for the dried ma- 
terial of ox muscle are, as he determined 
them, 1.82 and 0.26 per cent., respectively. 
It is significant that in the pancreas this 
large amount of potassium should be local- 
ized as described. 

In the renal cells of vertebrates there is 
usually a considerable amount of potassium 
salts distributed throughout the cytoplasm.. 
These cells are always active in the elim- 
ination of the element from the blood, and 
it is in consequence not possible to deter- 
mine whether there are differences in sur- 
face tension in them. Under certain con- 
ditions, however, these can be demon-, 
strated. In the frogs which have been kept 
in the laboratory tanks throughout the win- 
ter, and in the blood of which the inorganic 
salts have been, because of the long period 
of inanition, reduced to almost hypotonic 
proportions, the renal cells are very largely 
free from potassium. When it is present 
it is usually diffused throughout the cyto- 
plasm. If now a few cubic centimeters of 
a decinormal solution of potassium chloride 
be injected into the dorsal lymph sacs of 
one of these frogs, and after twenty min- 
utes the animal is killed, appropriate treat- 
ment, with the cobalt reagent, of a thin 
section of the fresh kidney made by the 
carbon dioxide freezing method, reveals in 
the cells of certain of the tubules a con- 
densation of potassium salts in the cyto- 
plasm immediately adjacent to the wall of 
the lumen. There is also a very slight 
diffuse reaction throughout the remainder 
of the cytoplasm, except in that part imme- 
diately adjacent to the external boundary 

• 3 Stoklasa gave the values in K s O and Na a O. 



498 



SCIENCE 



VS. S. Vol. XXXII. No. 824 



of the tubule. In these cells the potassium 
injected into the lymph circulation is being 
excreted, and the condensation of the ele- 
ment at or near the surface of the lumen 
is evidence that there the tension is less 
than at the other extremity of the cell. 

These facts are in their significance in 
line with some observations that I have 
made on the absorption of soluble salts by 
the intestinal mucosa in the guinea-pig. 
When the "peptonate" of iron was admin- 
istered in the food of the animal it was not 
unusual to find that in the epithelial cells 
of the villi the iron salt was distributed 
through the cytoplasm, but its concentra- 
tion, as a rule, was greatest in the cyto- 
plasm adjacent to the inner surface of the 
cell, from which it diffused into the under- 
lying tissue. Here also, inferentially, sur- 
face tension is lower than elsewhere in the 
cell. 

It would perhaps be unwise to form final 
conclusions at this stage in the progress of 
the investigation of the subject, but the 
results so far gained tempt one to adopt 
as a working hypothesis that in the secre- 
ting or the excreting cell lower surface 
tension exists at its secreting or excreting 
surface than at any other point on the cell 
surface. How this low surface tension is 
caused or maintained it is impossible to say, 
but, whatever the solution of the question 
may be, it is important to note that we 
must postulate the participation of this 
force in renal excretion in order to explain 
the formation of urines of high concentra- 
tion. These have a high osmotic pressure, 
as measured by the depression of the freez- 
ing-point, while the osmotic pressure of the 
blood plasma determined in the same way 
is low. On the principle of osmosis alone, 
as it is currently understood, this result is 
inexplicable, for the kinetic energy, as re- 
quired in the gas theory of solutions, 
should not be greater, though it might b$ 



less, in the urine than in the blood. It is 
manifest that in the formation of concen- 
trated urines energy is expended. "We 
know also from the investigations of Bar- 
croft and Brodie that the kidney during 
diuresis absorbs much more oxygen per 
gram weight than the body generally, and 
that, assuming it is used in the combustion 
of a proteid, a very large amount of energy 
is set free, very much more, indeed, than is 
necessary. It has also been observed that 
a portion of the energy set free is found in 
a higher temperature in the excretion than 
obtains in the blood itself circulating 
through the kidney. This large expendi- 
ture of energy is, probably, a result of the 
physiological adaptation of the principle 
of the "factor of safety," which, as Meltzer 
has pointed out, occurs in other organs of 
the body. 

In cell and nuclear division surface ten- 
sion operates as a force, the action of which 
can not be completely understood till we 
know more of the part played by the cen- 
trosomes and centrosphere. That this force 
takes part in cell reproduction has already 
been suggested by Brailsford Robertson. 
He has devised an ingenious experiment to 
illustrate its action. If a thread moistened 
with a solution of a base is laid across a 
drop of oil in which is dissolved some free 
fatty acid the drop divides along the line 
of the thread. When the latter is moist- 
ened with soap the drop divides in the same 
way and in the same plane. The soap 
formed in one case and present in the other, 
it is explained, lowers the surface tension 
in the equatorial plane of the drop, and 
this diminution results in streaming move- 
ment away from that plane which bring 
about the division. He suggests that in 
cell division there is a liberation of soaps 
in the plane of division which set up 
streaming movements from that plane to- 
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wards the poles and terminating in the 
division of the cytoplasm of the cell. 

I have observed in the cells of Zygnema 
about to divide a remarkable condensation 
of potassium in the plane of division. In 
the "resting" cell of this Alga the potas- 
sium is, as a rule, more abundant in the 
cytoplasm near the transverse walls of the 
thread, and only traces of the element are 
to be found along the line of future divi- 
sion of the cell. But immediately after 
division has taken place the potassium is 
concentrated in the plane of division. This 
would seem to indicate that surface tension 
in the plane of division is, as postulated by 
the deduction from the Gibbs-Thomson 
principle, lower than it is on the longi- 
tudinal surface, and lower, especially, than 
it is on the previously formed transverse 
septa of the thread. 

One must not, however, draw from this 
the conclusion that in all dividing cells sur- 
face tension is lower in the plane of division 
than it is elsewhere on the surface of the 
dividing structure. All that it means is 
that in the dividing cell of Zygnema the 
condition already exists along the plane of 
division, which subsequently makes for low 
surface tension in the cell membrane imme- 
diately adjacent to each transverse septum 
in the confervoid thread. If the evidence 
of low surface tension vanished immedi- 
ately after division was complete, then it 
might be held that it determined the divi- 
sion. As it is, the low surface tension in 
this case is the result and not the cause of 
the division. 

This conclusion is corroborated by the 
results of observations on the cells of the 
ovules of Lilium and Tulipa. The potas- 
sium salts in these are found condensed in 
minute masses throughout the cytoplasm. 
When division is about to begin the salts 
are shifted to the peripheral zone of the 
cytoplasm, and when the nuclear membrane 



disappears not a trace of potassium is now 
found in the neighborhood of the free chro- 
mosomes, a condition which continues till 
after nuclear division is complete. The 
absence of potassium, the most abundant 
basic element in the cytoplasm, would indi- 
cate that soaps are not present, and appro- 
priate treatment of such cells, hardened in 
formaline only, with scarlet red demon- 
strates that fats, including lecithins, are 
absent also. This would seem to show that 
high instead of low surface tension prevails 
about the nucleus during division. During 
the "resting" condition of the nucleus this 
high tension is maintained, for, except in 
very rare cases, and these of doubtful char- 
acter, there is no condensation of inorganic 
salts in the neighborhood or on the surface 
of the nuclear membrane. It is also to be 
noted that the nucleus, with exceptions, the 
majority of which are found in the proto- 
zoa, is of spherical shape, which also postu- 
lates that high surface tension obtains 
either in the cytoplasmic layer about the 
nucleus or in the nuclear membrane itself. 
It may also be suggested that high surface 
tension, and not the physicalimpermeabil- 
ity of the nuclear membrane, is the reason 
why the nucleus is, as I have often stated, 
wholly free from inorganic constituents. 

It does not follow from all this that sur- 
face tension has nothing to do with cell 
division. If, as Brailsford Robertson holds, 
surface tension is lowered in the plane of 
division, then the internal streaming move- 
ment of the cytoplasm of each half of the 
cell should be towards that plane, and, in 
consequence, not separation, but fusion of 
the two halves, would result. The lipoids 
and soaps would indeed spread superfi- 
cially on the two parts from the equatorial 
plane towards the two poles, and, according 
to the Gibbs-Thomson principle, they would 
not distribute themselves through the cyto- 
plasm in the plane of division, except as a 
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result of the formation of a septum in that 
plane. In other words, the septum has first 
to exist in order to allow the soaps and 
lipoids to distribute themselves in a stream- 
ing movement over its two faces. In 
Brailsf ord Robertson 's experiment this sep- 
tum is provided in the thread. If, on the 
other hand, surface tension is higher about 
the nucleus in and immediately adjacent to 
the future plane of division, then constric- 
tion of the nucleus in that plane will take 
place accompanied or preceded by an in- 
ternal streaming movement in each half 
towards its pole, and a consequent traction 
effect on the chromosomes which are thus 
removed from the equatorial plane. When 
nuclear division is complete, then a higher 
surface tension on the cell, itself limited to 
the plane of division, would bring about 
there a separation of the two halves, a con- 
sequent condensation on each side of that 
plane of the substances producing the low 
tension elsewhere, and thereby also the for- 
mation of the two membranes in that plane. 
In support of this explanation of the 
action of surface tension as a factor in 
division I have endeavored to ascertain if, 
as a result of the Gibbs-Thomson principle, 
there is a condensation of potassium salts 
in the cytoplasm at the poles of a dividing 
cell, that is, where surface tension, accord- 
ing to my view, is low. The difficulty one 
meets here is that, in the higher plant 
forms, cells preparing to divide appear to 
be much less rich in potassium than those 
in the "resting" stage, and under this con- 
dition it is not easy to get unambiguous 
results, while in animal cells potassium may 
even in the resting cell be very minute in 
quantity, as, for example, in Vorticella, in 
which, apart from the contractile stalk, it 
is limited to one or two minute flecks in the 
cytoplasm. Instances of potassium-hold- 
ing cells undergoing division are, however, 
found in the spermatogonia of higher ver- 



tebrates (rabbit, guinea-pig), and in these 
the potassium is gathered in the form of 
minute and thin caplike layers at each pole 
of the dividing cell. 

This of itself would appear to show that 
surface tension is less in the neighborhood 
of the poles than at the equator of the 
dividing cell, but I am not inclined to re- 
gard the fact as conclusive, and a very- 
large number of observations to that end 
must be made before certainty can be at- 
tained. I am, nevertheless, convinced that 
it is only in this way that we can finally 
determine whether differences of surface 
tension in dividing cells account, as I be- 
lieve they do, for all the phenomena of cell 
division. The difficulties to be encountered 
in such an investigation are, as experience 
has shown me, much greater than are to be 
overcome in efforts to study surface tension 
in cells under other conditions, but I am in 
hopes that what I am now advancing will 
influence a number of workers to take up 
research in microchemistry along this line. 

I must now discuss surface tension in 
nerve cells and nerve fibers. I have stated 
earlier in this address that I hold that the 
force concerned in the production of the 
nerve impulse by the nerve cell is surface 
tension. The very fact that in the repair 
of a divided nerve fiber the renewal of the 
peripheral portion of the axon occurs 
through a movement — a flowing outward, as 
it were — of the soft colloid material from 
the central portion of the divided fiber, is, 
in itself, a strong indication that surface 
tension is low here and high on the cell 
body itself. This fact does not stand alone. 
I pointed out six years ago that potassium 
salt is abundant along the course of the 
axon and apparently on its exterior sur- 
face, while it is present but in traces in the 
nerve cell itself. In the latter chlorides 
also are present only in traces, and there- 
fore sodium, if present, is there in more 
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minute quantities, while haloid chlorine is 
abundant in the axon. Macdonald has also 
made observations as to the occurrence of 
potassium along the course of the axon, and 
has in the main confirmed mine. We differ 
only as to mode of the distribution of the 
element in the axon, and the manner in 
which it is held in the substance of the 
latter ; but, whichever of the two views may 
be correct, it does not affect what I am now 
advancing. Extensive condensation or ad- 
sorption of potassium salts in or along the 
course of the axon, while the nerve cell 
itself is very largely free from them, can 
have but one explanation on the basis of 
the Gibbs-Thomson principle, and that ex- 
planation is that surface tension on the 
nerve cell itself must be high while it is 
low on or in its axon. 

The conclusions that follow from this are 
not far to seek. We know that an electrical 
displacement or disturbance of ever so 
slight a character occurring at a point on 
the surface of a drop lowers correspond- 
ingly the surface tension at that point. 
What a nerve impulse fundamentally in- 
volves we are not certain, but we do know 
that it is always accompanied by, if not 
constituted of, a change of electrical poten- 
tial, which is as rapidly transmitted as is 
the impulse. When this change of poten- 
tial is transmitted along an axon through 
its synaptic terminals to another nerve cell, 
the surface tension of the latter must be 
lowered to a degree corresponding to the 
magnitude of the electrical disturbance 
produced, and, in consequence, a slight dis- 
placement of the potassium ions would 
occur at each point in succession along the 
course of its axon. This displacement of 
the ions as it proceeded would produce a 
change of electrical potential, and thus ac- 
count for the current of action. The dis- 
placement of the ions in the axon would 
last as long as the alteration of surface 



tension which gave rise to it, and this would 
comprehend not more than a very minute 
fraction of a second. Consequently, many 
such variations in the surface tension of 
the body of the nerve cell would occur in a 
second; and, as the physical change con- 
cerned would involve only the very surface 
layer of the cell, a minimum of fatigue 
would result in the cell, while little or none 
would develop in the axon. 

It may be pointed out that in medullated 
nerve fibers the lipoid-holding sheath, in 
close contact as it is with the axon, must of 
necessity maintain on the course of the lat- 
ter a surface tension low as compared with 
that on the nerve cell itself, which, as the 
synaptic relations of other nerve cells with 
it postulate, is not closely invested with an 
enveloping membrane. In non-medullated 
nerve fibers the simple enveloping sheath 
may function in the same manner, and 
probably, if it is not rich in lipoid material, 
in a less marked degree. 

What further is involved in all this, what 
other conclusions follow from these obser- 
vations, I must leave unexplained. It suf- 
fices that I have indicated the main points 
of the subject, the philosophical significance 
of which will appear to those who will pur- 
sue it beyond the point where I leave it. 

In bringing this address to a close I am 
well aware of the fact that my treatment 
of the subjects discussed has not been as 
adequate as their character would warrant. 
The position which I occupy imposes limits, 
and there enters also the personal factor 
to account in part for the failure to achieve 
the result at which I aimed. But there is, 
besides, the idea that in applying the laws 
of surface tension in the explanation of 
vital phenomena I am proceeding along a 
path into the unknown which has been as 
yet only in a most general way marked out 
by pioneer investigators, and in conse- 
quence, to avoid mistakes, I have been con- 
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strained to exercise caution, and to repress 
the desire to make larger ventures from the 
imperfectly beaten main road. Perhaps, 
after all, I may have fallen into error, and 
I must therefore be prepared to recall or to 
revise some of the views which I have ad- 
vanced here, should , they ultimately be 
found wanting. That, however, as I reas- 
sure myself, is the true attitude to take. 
It is a far cry to certainty. As Duclaux 
has aptly put it, the reason why science 
advances is that it is never sure of any- 
thing. Thus I justify my effort of to-day. 
Notwithstanding this inadequate treat- 
ment of the subject of surface tension in 
relation to cellular processes, I hope I have 
made it in some measure clear that the 
same force which shapes the raindrop or 
the molten mass of a planet is an all-impor- 
tant factor in the causation of vital phe- 
nomena. Some of the latter may not 
thereby be explained. We do not as yet 
know all that is concerned in the physical 
state of solutions. The fact, ascertained 
by Bona and Michaelis, that certain sugars, 
which neither lower nor appreciably raise 
surface tension in their solutions, condense 
or are absorbed on the surface of a solution 
system, is an indication that there are at 
least some problems with a bearing on vital 
phenomena yet to solve. Nevertheless, 
what we have gained from our knowledge 
of the laws of surface tension constitutes a 
distinct step in advance, and a more ex- 
tended application of the Gibbs-Thomson 
principle may throw light on the causation 
of other vital phenomena. To that end a 
greatly developed science of microchem- 
istry is necessary. This should supply the 
stimulus to enthusiasm in the search for 
reactions that will enable us to locate with 
great precision in the living cell the con- 
stituents, inorganic and organic, which 
affect its physical state and thereby influ- 
ence its activity. A. B. Macallum 
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THE EIGHTH INTERNATIONAL ZOOLOGICAL 
CONGRESS IN GRAZ 
In the week before the congress members 
inspected the biological station in Lunz, with 
its glass houses and ponds, the lower, middle 
and upper lakes, the last 1,117 meters high, 
and were shown the methods of research and 
some of the results obtained. In Vienna, the 
great Museum of Natural History, the zoolog- 
ical laboratories of the university and the 
vivarium were visited. The vivarium, under 
the direction of Dr. Przibram, is a remarkable 
institution for work in experimental biology 
and evolution. There are series of rooms in 
which the temperature, light and other condi- 
tions of existence may be under control, and 



